ranking of individual departments is a worthwhile attempt, and such efforts are quite rare (Lazaridis, 2010) .
Evaluations of academic departments through rankings have importance in decision making by government officials, university administrators, and department chairpersons. The first attempts to rate departments goes back to 1964, when survey questionnaire sent to experts were used to yield a rank ordering of departments for each discipline in the USA. The ratings were updated with another survey in 1970. Administrators in federal agencies have used these ratings when evaluating departments and they rapidly became a standard benchmark within the academic community. Simultaneously, numerous voices have been raised in criticism of these surveybased ratings and the methods used to generate them. The primary complaint was that the methods were basically subjective (Drew & Karpf, 1981) and vulnerable to measurement errors. However, most of the competing survey-based academic rankings ask highly consistent questions of those being surveyed, and make the questions sufficiently general in scope that the respondent can provide a meaningful answer. Also, they employ similar response and scoring systems, permitting facile side-by-side comparisons. All-in-all, these surveys pleasantly surprise in terms of the quality of their information. On the other hand, rankings of programs based on publication performance in peer-reviewed journals are appealing because academic journals remain, despite imperfections, the fairest measure of the quality of research (Dusansky & Vernon, 1998) .
The h-index or g-index is usually used as indicators of publication performance, because they account not only for an aspect of quantity (the pure number of published articles) but also for an aspect of quality and scientific impact (the number of citations the articles received). The technical limitations of h and g indices have been the focus of a substantial literature; they operate with a limited informational basis that only includes the number of published papers and the number of citations they received. As a measure of research impact, these indices therefore only focus on a specific dimension of knowledge production and dissemination, while consciously disregarding other legitimate dimensions of research, for example patents, participation in research projects, engagement with public or private actors involved in innovation. Therefore, these indices should not be interpreted as an exhaustive measure of the quality of research (Miroiu, Paunescu, & Viiu, 2015) .
There were also attempts to rank departments based on prizes, medals, awards, and poll for students (Dusansky & Vernon, 1998; Mixon & Upadhyaya, 2012) .
Chemical engineering is a multi-disciplinary branch of engineering which combines natural and experimental sciences along with life sciences. Its applications are not only limited to the design, development and operation of industrial processes, but also involve many biomedical advancements regarding faster disease diagnosis, more efficient drug-delivery mechanisms and improved biomaterials (Kazakis, 2015) .
In this concept, this study aims to rank the chemical engineering departments in Turkey based on their academic performances between 2011 and 2015. Three different metrics were used for this purpose; scientific articles published, research projects completed, and graduate theses granted. The study covers the last five calendar years (2011) (2012) (2013) (2014) (2015) . The obtained rankings were also compared with the minimum national university entrance exam score required to enroll to these departments (Student Selection and Placement System, ÖSYS), which is an indicator of quality as perceived by the public. Finally, the departmental rankings were compared to the university rankings published by University Ranking by Academic Performance (URAP) Research Laboratory of Middle East Technical University in Ankara, Turkey in order to assess the performances of the departments relative to their institutions. This is the first and the only study in literature that attempts to assess and rank the Turkish universities at departmental level. Even though it is limited to chemical engineering departments, the results provide interesting outcomes which may provide insight on academic performances of engineering faculties and Turkish universities.
Methods
The list of the chemical engineering departments was obtained from the Council of Higher Education of Turkey (CoHE) (YÖK, 2016) . The academic staff rosters were retrieved from the official websites of the departments on June 15th, 2016. Only full-time academicians with ranks of assistant professor, associate professor and professor were included (lecturers, research assistants, technicians etc. are excluded from the study). A total of 34 chemical engineering departments hosting a total of 485 academicians were studied. The search was limited to between 2011 and 2015.
Thomson Reuters Web of Science (WoS) database was used to obtain the number of published full scientific (research and review) articles.
The Scientific and Technological Research Council of Turkey (TÜB‹TAK) is the leading source of research funds for universities in Turkey, both in terms of number of projects supported and the total amount of funding. Even though there are other governmental and private funds used to finance the R&D projects, no ready-for-use database exist to obtain and evaluate these projects. Thus, TÜB‹TAK projects database was used to collect the data for completed research projects.
All of the graduate theses completed in Turkish universities are registered to the database of CoHE. This database has an online interface with search functions, and was used to collect the data on MSc thesis and PhD thesis data of the departments.
Unfortunately, WoS and TÜB‹TAK websites do not provide departmental search functions, therefore the searches were made through the names of the academicians and the hits were recorded, and summed up to obtain the relevant data of each department. Common challenges encountered during this laborious process were comparable to the ones reported in other comparable studies (Lazaridis, 2010) : the transliteration of Turkish names (in WoS database), names shared by more than one person, names spelled in different ways, etc.
As CoHE database allows departmental screening, the labor required for data collection was considerably reduced.
The ÖSYS data were obtained from official Measuring, Selection and Placement Center (ÖSYM) website (ÖSYM, 2016) .
URAP Ranking of the institution that the chemical engineering department belongs to was retrieved from URAP center website (URAP, 2016).
It should be noted that the work conducted is potentially prone to errors due to manual collection and processing of large amount of data. Valuable efforts were put to minimize them, and it is believed that the results are quite reliable and will not affect the rankings obtained.
Results and Discussion
The departments can be ranked based on two criteria; the total number of activities, and the number of activities per academician. The first one shows the overall performance of the department; however, comparatively new and small departments obviously cannot match larger ones in this ranking. On the other hand, the second one shows the overall efficiency of academic staff.
In this study, the results are reported both in terms of the total activities of the department and activities per academician for a more comprehensive assessment.
TTT Table 1 lists the basic information of the departments studied (institution name, location, and number of academicians) and their academic activities during the last five years by means of SCI articles published, completed research projects supported and financed by TÜB‹TAK, and MSc and PhD theses granted. Academic activities are given both in total numbers and per academic basis. Last two columns of the TTT Table 1 lists ÖSYS and URAP data.
There are 34 chemical engineering departments in Turkey, eight of them are in Istanbul (the largest and the most crowded metropolis of the country), five of them are in Ankara (the capital city). Both in Izmir and Eskiflehir there are two chemical engineering departments, while remaining 17 of them are established in different cities throughout the country.
Average number of academic staff at the chemical engineering departments is 14. With 38 academicians, Istanbul University has the biggest chemical engineering department of Turkey, whereas Osmaniye Korkut Ata University has the smallest department with only four academicians.
The total number of WoS database articles published is 2640, this means 1.1 article/academic year. Of course, the departments diverge greatly here; the highest ranked department produced almost 30 times more articles than the last department on the ranking. It should also be noted that some frequent article publishers increase the averages of otherwise non-productive departments, especially in small departments. This situation results in a misleading high score, since this is more of an individual accomplishment than a departmental one. Examples are departments of Osmaniye Korkut Ata, Marmara, Beykent, Afyon Kocatepe and Pamukkale Universities, where one productive academician published more than half of the articles produced by his/her department. On the other hand, it is also observed that 93 of the 484 academicians (19%) did not publish any article in a journal that is indexed in the WoS database within the last five years.
Previously, it was reported that the average number of publications per year for Chemical Engineering departments in Greece were in the range of 2.6-3.2, and that of Chemical engineering department of MIT was 7.4 (Kazakis, 2015) . This study shows that only the three departments in Turkey had a comparable publication outputs: 4.1, 3.1 and 3.0 for the departments of Koç, Beykent and Pamukkale Universities, respectively. At this stage, it should be stated that the cited data were obtained by using a different database (Scopus); thus their direct comparison may not be accurate. However, it looks safe to conclude that most of the Turkish chemical engineering departments have lower publication output compare to their international counterparts.
Another study which ranked the scientific performance of 64 political science, sociology and marketing departments in Romania with the aid of the g-index revealed comparable situations, the researchers reported that the collective performance in a department is associated to a greater degree with a productive core of individuals who have higher individual performance than with the simple quantity of the human resources available to the department. In addition to these intradepartmental differences, strong polarization between the departments was also reported; the distribution of departments presented two clusters similar to the case in this study: one includ-ed a few top performers and the other consisted in poorer performers that make up the larger part of the departments and presented a slight differentiation. (Miroiu et al., 2015) .
Total number of graduate theses granted by the departments is 1237, of which 18% were devoted to PhD theses. There is a significant difference between the departments in this category as well: top six departments granted more theses than the remaining 28 departments combined. Actually, 13 departments did not grant any PhD thesis, and 4 departments did not grant any graduate thesis at all. results in a poor resolution during ranking the departments; i.e. eight departments did not have any projects completed, six departments had a single project completed.
An interesting observation is that four departments (Beykent, Çank›r› Karatekin, Bursa Teknik, Uflak) have neither any projects nor any theses completed, nevertheless they published articles in journals that are indexed in WoS database.
The data given in TTT Table 1 was used to rank the chemical engineering departments based on their total number of activities (TTT Table 2 ), and on activity per academician (TTT Table 3 ).
Here, the overall ranking of the departments was obtained by averaging the rankings of all three types of activities.
The top departments are located in the three big cities (Istanbul, Ankara, and Izmir) of Turkey. This is because the oldest universities (thus the oldest departments) are located in these cities and they have a solid R&D infrastructure (labs, equipment, etc.) to conduct researches. Moreover, those universities attract the best graduate students and academic staff because of the high living standards that the big cities provide. On the other hand, the low academic performances of some departments may partially be attributed to the presence of an 'low level of knowledge on English language' in Turkish universities, which undermines both the quantity and quality of research produced in Turkish universities and the ability of Turkish academicians to access the research in their fields to support the quality of their own research publications (British Council, 2015) .
TTT
ÖSYS can further be used as an indicator of quality as perceived by public: the more reputable a department, the highest its ÖSYS score is. The departments were ranked based on their ÖSYS scores and compared to the rankings obtained in this study (TTT Figure 1) . The resulting correlation shows that the ranking of departments found in this study is in compliance with the qualitative perception of these departments in the country. Ranking based on total academic output of a department shows a better correlation (R 2 =0.60) than the ranking based on output per academician (R 2 =0.49), suggesting that total academic activity of a department is more meaningful than activity per academician for assessment of departments. The results are also compatible with the qualitative perception in the engineering and scientific community as well.
Finally, the rankings of the departments and their universities were compared as seen in TTT Figure 2 where universities were re-ranked based on URAP data given in TTT Table 1 exclude universities that do not have chemical engineering departments. Again, ranking based on total academic output of a department shows a better correlation (R 2 =0.79) than the ranking based on output per academician (R 2 =0.49), which confirms the previous conclusion that the total academic activity of a department is more meaningful than activity per academician. URAP combines both overall activities and activities per academician for ranking the universities. This figure also shows that some departments performed significantly poorer (i.e. On Dokuz May›s) or better (i.e. Kocaeli, Y›ld›z Teknik) than their universities.
TTT Figure 3 shows the temporal evaluation of research performance of the departments. Here, it is observed that the annual numbers of published articles and completed theses are stable, whereas the number of projects decreased intensely over the years. This is interesting since there is no decline in the total number of projects supported by TÜB‹TAK (TÜB‹TAK, 2016) . Unfortunately, number of academicians of the previous years is not available; however, it is more likely that total number of academicians is increasing every year, therefore more stable trends also translate to decreasing performance of academicians.
Conclusion and Recommendations
The following conclusions can be drawn from this study:
When the ranking is based on overall departmental activity, the highest ranked chemical engineering department in Turkey is in Istanbul University. On the other hand, if the ranking is based on activity per academician, chemical engineering department of Koç University is the highest ranked department.
The top-ranked departments are located in the leading three cities (Istanbul, Ankara, and Izmir).
Turkish chemical engineering departments have lower publications than their international counterparts.
Comparison of rankings obtained in this study to the ÖSYS scores suggested that ranking of departments should be based on total departmental academic activity and not on academic activity per academician.
The number of departments and academicians which are virtually unproductive within the last five years in terms of academic output is significant; 19% of the academicians did not publish any articles in journals that are indexed in WoS database, no graduate thesis was produced in 12% of the departments, and there were not any completed research project supported and financed by TÜB‹TAK in 24% of the departments.
The annual number of published articles and completed theses did not increase, whereas the number of projects decreased intensely over the years.
Since this is the first and the only study that assesses and ranks the universities of Turkey at departmental level, it may pave the way for further studies in the field. Recommendations for future works are listed below:
Other departments may be ranked similarly.
Interdepartmental comparisons (i.e. comparison of different departments in a faculty) can be made which may lead to interesting outcomes.
In order to improve the accuracy of the results, other evaluation criteria (i.e. citations, conference proceedings, patents, awards) may be added into the study and longer time frames (i.e. ten years) may be used.
